Abstract. The unrealistic accumulation of nutrients below the equatorial upwelling regions, termed "nutrient trapping" by Najjar et al. [1992], has been a major problem of first-generation oceanic carbon cycle models. Suggestions to eliminate this modeling problem include the consideration of dissolved organic nutrients and improvements to the underlying circulation field. This study shows that neither of these suggestions can be complete without a careful investigation of advection numerics. Using a high-resolution coupled biological-physical model of the North and equatorial Atlantic, it is demonstrated for standard central-difference advection (if a too coarse vertical resolution is used) as well as for upstream advection that numerical artifacts alone can lead to a systematic overestimation (by as much as 50%) of simulated subsurface nutrient concentrations in the equatorial upwelling region. A corollary of these results is that without a critical examination of the underlying advection numerics, nutrient trapping alone can no longer present an unchallenged justification for including dissolved organic matter in biogeochemical ocean models.
Introduction
First-generation models of oceanic biogeochemical cycles [Toggweiler, 1989 ; Bacastow and Maier-Reimer, 1991; Najjar et al., 1992] failed to reproduce observed nutrient concentrations in the equatorial regions when run in particle-only mode. Simulated subsurface nutrient concentrations were as much as 50% higher than observed, a phenomenon most pronounced in the Pacific, but present also in the Atlantic Ocean. Najjar et al. [1992] showed that this model deficiency, which they called "nutrient trapping," could result from an interaction between upwelling of nutrient-rich waters that fuels intense primary 'production at the surface and shallow remineralization of organic matter within the equatorial upwelling region. In the concept of Najjar et al. [1992] The above simulation shows that a tracer anomaly similar to that associated with nutrient trapping can develop solely because of numerical dispersion. While setting the surface concentrations to 0 may be viewed as biological consumption of the dye, there is no analogue for particle export and remineratization at depth included in this model. All dye removed is simply taken out of the model. Although 0% of such "new production" is put into export, the model produces equatorial "dye trapping" with overestimated tracer concentrations by as much as 50[70 in experiment C30.
Nutrient Trapping Generated by CTCS

Nutrient Trapping Generated by Upstream Advection
Among the advection schemes presently available (see Hecht et al. [1998] for a recent discussion), upstream differencing is computationally cheapest, and because it is also strictly monotonic and therefore conserves positive tracer concentrations, it has been widely used in three-dimensional pelagic ecosystem models [e.g., Ba- Results are shown for two experiments: the first uses upstream advection, the second employs the higherorder MPDCD advection scheme for biological tracers. Both experiments use CTCS advection for physical tracers, both are started from the same initial conditions, and both use the same atmospheric forcing. 
Discussion and Conclusions
The results presented herein demonstrate that the choice of advection numerics alone can substantially affect the magnitude of equatorial nutrient trapping in biogeochemical ocean models. Apart from the work of Aumont et al. [1999] 
